is The authors report a series of 34 meningiomas of the sphenoid ridge. Eight tumors were totally removed uneventfully: two from the middle sphenoid ridge and six from the pterion or Sylvian point. Five tumors were not operated on because of their extensions or the patient's age. Twenty-one tumors raised serious surgical problems, resulting in a classification into three groups: deep or clinoidal, invading beyond the sphenoid wings, and a combination of both. Histological study of the hyperostotic bone showed meningiomatous cells in the bone in 12 of 13 cases so examined.
T HE progress made in diagnosis and operative techniques enables us to approach invading meningiomas of the base of the skulP in a more hopeful frame of mind from that of Grant TM or of Castellano, et al.' One of the contributions of Derome and Guiot ',1~ was the description of a technique for a very wide removal of these lesions. Various opinions have been expressed by different authors, 2,5,6,',~2,15, '-19a~-" showing that there is not yet agreement about the classification and treatment of these meningiomas.
We report our experiences with a series of 21 invading meningiomas of the sphenoid ridge. Despite a very wide surgical removal of the lesions, the operative findings and postoperative x-ray and computerized tomography (CT) control studies reveal the difficulty of total excision. The only hope of dealing with such lesions, which are histologically benign (in 20 of 21 cases), is to diagnose them early --which is seldom done, as they can clinically be perfectly tolerated for a long time --and to carry out wide surgical excision early. The surgeon should be prepared in advance by a careful preoperative study of all the possible extensions of the tumor.
Summary of Cases
We have managed 63 meningiomas of the anterior and middle portions of the base of the skull (Table 1) . In this report we shall consider only the 21 cases of invading meningioma of the sphenoid ridge that gave us serious diagnostic and therapeutic problems. We will consider these 21 cases in three groups according to the extension of the tumor.
Group A includes seven patients with deep or clinoidaF or sphenocavernous 8 meningiomas en masse (Table 2) . These meningiomas extended upward into the cranial cavity from the dura of the cavernous sinus, of the anterior clinoid process, and of the internal part of the sphenoidal wings. They were in close contact with the internal carotid artery and its branches, which were shifted, stretched, or embedded, and with the optic nerve and tract. Bone was not involved except for the anterior clinoid process, nor were the craniofacial cavities. The meningiomas spread intracranially to the midline, invading the dura of the jugum sphenoidale, of the hypophysis, and of the clivus. Group B includes seven patients who had invading meningiomas en plaque of the sphenoid wings (Table  3) . We prefer this term to that of"pterional tumors en plaque" or "hyperostosing lesions of the ala magna. ''7 These meningiomas remained en plaque in the intracranial cavity, spreading in the dura of the sphenoidal wings and the cavernous sinus. The internal carotid artery and its branches, and the optic nerve and tract, were not involved intracranially, but the optic nerve was in some cases compressed in the narrowing optic foramen. These tumors extended downward through the base of the skull, which was very thick, and penetrated into the craniofacial cavities, mainly into the orbit and often into the extracranial temporal fossa, pterygomaxillary fossa, lateropharyngeal space and Eustachian tube, nasoethmoidal cavities, and the sphenoidal, frontal, and maxillary sinuses. The extent of the invasion of the dura, bone, and craniofacial cavities limited the surgical possibilities. Group C includes seven cases of invading meningioma of the sphenoid wings en masse which combined the features of the two preceding groups (Table 4) .
Five patients who did not undergo surgery have been omitted from this series: two in Group A, one in Group B, and two in Group C. Four of the patients were considered too old for surgery (68, 70, 72, and 75 years). In some, the basilar involvement was judged too large. In the fifth patient (Group C), the diagnosis was made in 1958; 22 years later, this woman had only ophthalmological signs with unilateral visual loss. These five patients are all alive, some 10 years after diagnosis, in spite of narrowing of the carotid artery in the cavernous sinus and the presence of a meningiomatous mass inside the cranial cavity. All these patients have major oculomotor signs, most have unilateral visual loss, and some have ocular enucleation.
Clinical Features
In Group A, compression of the brain caused epilepsy, hemiparesis, aphasia, and intracranial hypertension. The compression of the optic tract and nerve explained either the homonymous hemianopsia or unilateral visual loss with or without optic atrophy. In two cases, we also observed palsy of the third cranial nerve.
In Group B, the thickness of the sphenoid wings explained the unilateral exophthalmos and the bulging of the temporal fossa. If the optic foramen became narrowed, unilateral visual loss followed. In one case, we observed unilateral deafness due to compression of the Eustachian tube.
In Group C, symptoms due to compression of the brain, of the optic tract and nerve, and of the orbit were found in the same patient.
Arterial Connection and Extension of Meningiomas
A thorough study of the pre-and postoperative computerized tomography (CT) scans, x-ray films, carotid angiograms, and operative findings enabled us to examine the arterial and optic relationships of the tumors and the extent of their spread into the dura, the base of the skull, and the extracranial cavities. Our findings are summarized in Tables 5, 6 , 7, and 8.
A microscopic pathological study of the hyperostotic bone showed not only a hyperostosing reaction but real invasion by the meningiomatous cells in 12 of the 13 specimens examined. Invasion of the anterior clinoid process and of the great sphenoid wings by the meningioma was the rule. The designation of hyperostosing meningiomas is only a radiological classification; actually, we should speak of invading meningiomas. ~These two patients were not operated on, and the involvement was detected on angiography. j. Bonnal, A. Thibaut, J. Brotchi and J. Born 
Operative Results Table 9 shows the operative mortality. One patient who died was operated on while in a coma; another had suffered a recurrence of the tumor toward the midline, with adherences to the hypothalamus. In a third case, death was attributed to a massive gastric hemorrhage on the 8th day. The morbidity rate was highest in Group C, but consisted mostly of minor sequelae, which were ocular, oculomotor, and esthetic.
The follow-up period in our series ranged from 1 to 13 years; therefore, we should not stress the number of recurrences observed clinically, but rather the number of possible recurrences that might be expected from the postoperative follow-up examinations (Table 10) .
Practically speaking, two patients and perhaps a third may seem "cured." We believe this number would be higher if extensive surgery had been performed immediately after the diagnosis was made. In six cases, partial removal of the tumor was followed by an early clinical recurrence in the next 2 years. Postoperative x-ray and CT examinations showed 592 steady growth. In 21 patients, including six who underwent reoperation for early or late recurrence, radical removal of the tumor and of its extensions was performed without injury to the arteries, the nerves, or the hypothalamus. Following these extensive removals, we observed no early regrowth, and three late recurrences (9 years and more); 13 patients followed for 1 to 8 years had no clinically apparent recurrences. We cannot consider these 13 patients completely cured, however, since there is a risk of late recurrence, as suggested by the operative findings and the postoperative x-ray and CT examinations. Invasion of the cavernous sinus seems to be the main cause of recurrence (15 cases), followed by invasion of the sella turcica (seven cases), invasion of the sphenoid body (seven cases), invasion of the pterygomaxillary fossa (four cases), and invasion of Zinn's common tendinous annulus (five cases). Invasion of the ethmoidal cells should not be a cause of recur- 
I n v a d i n g m e n i n g i o m a s o f t h e s p h e n o i d r i d g e rence if one carries out Derome's technique. With this
technique, the lesion invading the sphenoid sinus may be removed, but there will always remain the thickened lateral part of the sphenoid body through which the meningioma spread; removal of this would involve high risks due to the course of the internal carotid artery. In these cases, there was always recurrence by invasion of the cavernous sinus from which the meningioma originated. In many of these meningiomas of the sphenoid ~;ings, the median extensions, which limit the operative possibilities, are only observed after a long period of growth, and one may hope that early and very wide surgery will obviate the spread of tumor beyond our surgical means. The development of the CT scan has made early diagnosis possible.
Surgical Considerations

Surgical Approaches
The main difficulties involved in surgical management of invading meningiomas of the sphenoid wings are caused by the arterial axis of the middle cerebral and internal carotid arteries and the frontotemporal basal invasion. This is why we used a wide frontotemporal approach based on the pterion (Fig. 1) . In general, this approach is like the pterional approach advocated by Ya~argil in arterial aneurysms of the circle of Willis, with the patient and his head in the same position.
The frontotemporal craniotomy extends as low as possible to allow a direct view to the floor of the temporal and frontal intracranial fossae, so that the orbit can be easily opened. The tumor and its extensions are removed progressively, starting with the external portion of the invaded bone, to make a communication between the orbit and the frontal and temporal fossae. The intradural lesions are approached rapidly, followed by excision of the dural attachment and the extension to the bones and to the craniofacial cavities.
Restoration of the dura mater should be carried out very carefully, but bone reconstruction is of comparatively little importance.
The double approach described by Derome and Guiot, 8,1~ namely, bifrontal and transnasal, was used only in cases of nasoethmoidal invasion.
Arterial Relationships
As shown in Table 5 for Groups A and C, the internal carotid artery and the middle cerebral artery were shown angiographically as shifted, stretched, and narrowed, and, in two cases, the middle cerebral artery was obstructed. During microsurgical dissection, we could distinguish the cases in which arteries were entirely embedded by the meningioma from those in which arteries were only shifted, stretched, and compressed, and rarely, half surrounded. This anatomical difference, which has important surgical significance, could not be determined on angiography (Figs. 2 and 3) . However, when this angiographic picture is associated with an ipsilateral visual loss and optic atrophy, the indications are in favor of a very deep-seated meningioma which surrounds the arteries. This was true in six cases out of 10.
In our opinion, the internal carotid artery and its branches and the optic nerves are at risk if excision of the meningioma is started at the basilar extension. We begin the intradural surgical procedure by dissecting the distal part of the middle cerebral artery in the Sylvian fissure under a surgical microscope or magnifying spectacles and with the aid of bipolar coagulation. The middle cerebral artery is followed centripetally to the internal carotid artery, removing the tumor piecemeal, but never losing sight of the artery and of its branches. This arterial microdissection enables us to coagulate and cut the small arterial branches feeding the tumor close to the main arterial trunk without traction. It is necessary to respect the perforating 
, the lenticulostriate arteries, the anterior choroidal artery, but not always the posterior communicating artery. The most difficult points were the perforating vessels and the lenticulostriate arteries, and the space between the optic nerve and the carotid artery. In two cases, we preferred to leave in place a bud of the tumor rather than injure these arteries.
In two cases (Fig. 4) , preoperative angiography showed that the middle cerebral trunk was obstructed. In one case in which the meningioma invaded the wall and lumen of the middle cerebral artery, the vessel was clipped without postoperative hemiplegia. In all the other cases, the arterial dissection ended without injury, but was limited by the basilar dura, and it was never carried into the cavernous sinus.
Thus, the mass of the meningioma was removed piecemeal, always keeping the arteries in view. During the dissection of the internal carotid artery and of the anterior cerebral artery, the ipsilateral optic nerve and tract were seen and easily separated from the meningioma.
In unoperated cases, carotid angiography showed narrowing of the infraclinoidal internal carotid artery. This seemed good proof of the invasion of the cavernous sinus. In only five cases, preoperative external carotid angiography showed branches of the external carotid artery feeding the intracranial or extracranial meningioma. In two cases, this vascularization was marked, and in Case 14 we carried out preoperative embolization of the feeding branches with strips of Gelfoam, thus affording easier removal of the mass and of the invaded bone without blood loss.
Optic N e r v e and Tract
In many cases, the optic nerve and tract were shifted and compressed, but rarely embedded in the tumor. In two cases, the dural invasion spread to the jugum and the diaphragma sellae, and the ipsilateral optic nerve was embedded in the meningioma, which spread to the chiasm and to the contralateral optic nerve.
Invasion o f the Basilar Dura
In all three groups, the prognosis depended on the invasion of the dura at the base of the skull by the tumor. It is quite easy to remove en masse mobile noninvasive meningiomas with a narrow dural attachment, and these should be distinguished from meningiomas fixed on a large dural extension with invasion of hyperostotic bone. Most of this invaded dura must be resected, but we never attempted to excise the portion invading the cavernous sinus and the dura of the sella turcica.
There was frequent involvement of the cavernous sinus (15 cases). In three cases, the sinus was swollen, had lost its normal shape, and was totally invaded. In the other cases, only the sinus walls seemed to be involved, and it is hoped that in such cases a little coagulation is sufficient to remove this extension. In these cases, we think that opening the sinus is insufficient when it is totally invaded, and perhaps functionally serious if the meningioma involves only its external or upper wall. For this reason, we have never opened the cavernous sinus since it contains the carotid artery and the oculomotor nerves, which are very fragile. We did, however, carefully coagulate the sinus walls.
The invasion of the dura of the sella turcica and clivus is best handled by very cautious coagulation, avoiding injury to the optic chiasma and the pituitary stalk. In contrast, the dura of the jugum sphenoidale can be removed by a bifrontal approach. The dural extensions explain the fact that the meningioma had invaded either two fossae of the base of the skull (Group B) or the three fossae (Groups A and C). In eight cases, a large bud of meningioma extended through the incisura tentorii into the posterior fossa (Table 8) . It was always easily removed.
Invasion o f the Base o f the Skull
Since the hyperostotic bone is invaded by the meningioma, it should always be removed by wide exeresis to avoid recurrences. It is therefore important, with the help of x-ray films, tomography, CT, and even of bone scanning, to assess the extent of the bone lesions, which otherwise might be underestimated. We have compared these pictures with our operative findings and with the postoperative control films. The anterior clinoid process involved in 12 cases had to be removed with the help of a minidrill so as to open the optic foramen and to remove its bone walls, thus completely liberating the optic nerve (Fig. 5) .
The great sphenoidal wing was always involved in Groups B and C, often from the pterional bone to its insertion in the sphenoid body. We removed it in 14 cases, opening the foramen rotundum, the foramen j. Bonnal, A. T h i b a u t , J. Brotchi a n d J. Born ovale, and the sphenoid fissure, but we could not remove the glenoid cavity of the mandibulary bone and the lateral part of the sphenoid body inside the foramen ovale and the foramen rotundum. In six cases, during evolution and especially in the case of recurrences, we observed the invasion of the sphenoid body and even of the pterygoid apophysis in Groups B and C (Fig. 6) .
In Groups B and C, the roof of the orbit was most often invaded, sometimes as far as the frontal sinus. Special problems were due to the invasion of the os planum of the ethmoid and of the jugum sphenoidale. In contrast, invasion of the supraorbital arch was observed only exceptionally during surgery, and it was seldom necessary to remove it, an important fact" from a cosmetic point of view. The maxillary and the zygomatic bones were seldom involved, but the latter were more often invaded by pterional global meningiomas, a group that we have eliminated from this series.
Invasion o f Craniofacial Cavities
The presence of meningiomas en plaque or en masse on each side of a thickened bone was proof of the invasion of this bone. Broad removal of the invaded sphenoid wings and of the orbital roof afforded a wide approach to the orbit, which was invaded in seven cases in Groups B and C, and to the infratemporal and zygomatic fossae. Operating with the help of the microscope, we carefully removed the tumor in the orbit, often en masse, without injuring the ocular muscles and nerves. The adhesion of the meningioma to Zinn's common tendinous ring (five cases) is a limiting factor to surgery. The removal of this ring destroys the motility and the stability of the eye. The total enucleation of the orbit was contraindicated unless vision was totally lost.
Mass extension into the infratemporal, pterygomaxillary, and zygomatic spaces (five cases) has been seen on the preoperative frontal views of the CT scans and with external carotid angiography. Their removal was partly carried out, following the mandibular and the maxillary nerves, to avoid injuring them. The temporal muscle and the pterygoid muscle were involved. In Case 14 (Fig. 7) , the extracranial meningioma spread to the Eustachian pharyngotympanic tube, but this extension was not removed. In this case, embolization of the branches of the external carotid artery feeding the meningioma yielded a good result without loss of blood during surgery.
In three cases, a bud of the meningioma was removed in the frontal sinus. If the wall of this sinus seemed invaded on the x-ray films or on the CT scan, we always opened the sinus and found the meningioma within.
Invasion o f Jugum Sphenoidale, Nasoethmoidal Cells, and Sphenoid Body
Removal of the dura of the jugum was carried out in five cases. In Case 8, the internal part of the optic foramen and of the sphenoid body was invaded. Via a bifrontal approach, we removed the internal part of the optic foramen with an electric minidrill, opening the ethmoidal cells, which we plugged with fat. We then repaired the dura. Behind this, the internal part of the sphenoid body was so thick that we were afraid of removing it for fear of injuring the internal carotid artery. In Cases 18 and 20, the meningioma plunged into the nasal fossa, and, at a second operation, we used Derome and Guiot's technique 9,1~ with a combined bifrontal and transnasal approach.
Discussion
The treatment of invading meningiomas of the sphenoid wings raises difficult problems. Even in cases where advanced age or the wide extension of the lesions contraindicate surgery, the survival rate of the patients is very long, from 5 to 22 years in our five cases. The main disability is loss of an eye on the invaded side by enucleation, blindness, and oculomotor palsy. On the other hand, partial excisions do not obviate a continuing evolution of the disease, and afford no additional benefit for the patients as compared to the avoidance of surgery.
Our aim has been the total removal of the lesions with conservation of the ocular function, so as to ensure a long survival without ocular sequelae. The mortality and morbidity rate in our patients was encouraging, as found in patients with an advanced stage of the disease who had a large intracranial mass compressing the internal carotid and middle cerebral arteries. However, follow-up review of these patients with CT and x-ray controls has shown that total excision was actually obtained in only three cases out of 21 large exereses. In the 18 other cases, we did not remove the following areas for fear of causing severe functional deficits: the cavernous sinus, the dura of the sella turcica, the lateral part of the sphenoid body, Zinn's common tendinous annulus, the pterygomaxillary fossa, and the lateropharyngeal space. When the meningioma invaded these portions we considered that the lesions could not be removed without entailing unacceptable functional injuries for the patient.
We advocate these large excisions, since they afford long survival periods of at least 10 years without recurrences, with a minimum of functional sequelae, and with total or partial conservation of the ocular function. Complementary x-ray therapy is advocated in cases of wide removal. We do not yet know how effective this therapy may be, but we hope that it acts on the very small volume of meningioma left in situ. At present, the use of CT scanning enables us to make earlier diagnoses. This should permit a greater proportion of really total excisions.
We think there is a paradox between the histological benignity (20 out of 21 cases) of these meningiomas and the difficulty of removing all their extensions. Insufficient removal of these meningiomas explains the early recurrences observed 1 or 2 years after surgery. There are, in fact, no histological or histoenzymological differences between these recurrences and those that occur later. Our study confirms the very extensive character of these meningiomas. This is why, since 1960, we have called these three types of meningiomas "invading meningiomas of the sphenoidal ridge."
